Introduction: In recent years, low-power lasers have been widely used in medicine. With the introduction of affordable light emitted diode (LED), clinical application of LED light has become more and more popular. However, some researchers believe that due to lack of coherence of the LED light, it can be different in terms of biological effects, in comparison with laser. In this study, the biological effects of low-level laser (LLL) to those of LED light are compared and discussed. Methods: Human skin fibroblast cell line Hu02 was irradiated with LLL and LED light with a wavelength of 660 nm, power output of 35 mW and in continuous mode and the control group was not irradiated. The biological effects were compared through analysis of cell proliferation, production of reactive oxygen species (ROS) within the cell and rate of cell division. Results: Our findings showed that production of ROS within the cell was linearly increased both in the LED and laser light irradiated cells. However, laser light is more incremental in comparison to LED light. The MTT results showed that laser light at low energy density (less than 5 J/cm 2 ) increased the rate of cell proliferation after 24 hours. Although, the rate of cell division was increased in energy density of 1 J/cm 2 compared to the control group, this increase was not statistically significant. Discussion: The findings indicated that the coherence properties of laser light provided more energy for the cells, and in a constant energy density, laser light created more oxidative stresses in comparison with LED light.
Introduction
In recent decades, low-level laser (LLL), from visible to near-infrared (NIR) wavelength range, has been widely used for promoting tissue repair in humans or animals. 1 It is broadly applied to reduce inflammation, 2 promote tissue regeneration, 3 relieve pain 4 enhance healing process of wound 5, 6 and increase cell proliferation. 7, 8 The molecular mechanisms of biological responses after LLL exposure have not been fully demonstrated. It is believed that physiological effects induced by LLL depend on the absorption of energy by some molecular photoacceptors or chromophores in the target cells. Karu in 1989 reported that the components of electron transport chain systems in mitochondria including cytochrome c oxidase molecule can be used as the primary light receptors for the absorption of red-NIR light spectrum. [9] [10] [11] This absorbed energy is transformed into ATP that increases the activity of the mitochondrial proton pump, increasing oxygen consumption and enhancing synthesis of nicotinamide adenine dinucleotide dehydrogenase (NADH), RNA and protein. [12] [13] [14] Finally, these changes will lead to increased expression of growth factors and cell proliferation. 18, 19 Furthermore, the most important intracellular organelle that produces reactive oxygen species (ROS) is the mitochondria. ROS is a natural by-product of electron transport chain activity. LLL was reported to enhance the level of intracellular ROS generation [19] [20] [21] [22] and it has shown that the production of ROS could activate NF-kB pathway. 23 Activation of NFkB effects expression of some genes participating in cell survival and proliferation. [23] [24] [25] In recent years, besides LLL therapy, another affordable light source was developed named light emitting diode (LED). 15 There are some differences between laser and LED including LED light is non-coherent (radiating in all directions) and divergent that wastes energy and may require special optics to focus the available energy into the desired areas. However, LLL and LED have similarities in physical parameters including wavelength, output power, power and energy density, as well as radiation levels, and there is evidence that they have similar healing effects on cells and tissues. 22, 23, 26 The goal of this study was to compare the effects of LLL and LED on generation of ROS in cells and their differences in absorption of energy. Also the effects of laser and LED on cell proliferation were searched in human fibroblast cell line.
Materials and Methods
Cell Culture Human skin fibroblast cell line Hu02 (cell No: IBRC C10309) was purchased from cell bank of Iranian Biological Research Center of Iran. Cells were cultured in CO2 incubator at 37°C. Cell culture medium was RPMI-1640 supplemented with fetal bovine serum (FBS; 10%) and penicillin/streptomycin solution (1%). Confluent cells were trypsinized using 0.25% trypsin-EDTA and seeded at density of 2 000 000 cells/25 cm 2 cell culture treated flasks (Nunc, Denmark). All cell culture medium and reagents were from Gibco, Germany. Trypan blue exclusion method was used to determine viable cell yield and cell proliferation. For this purpose, after culture and trypsinization, cells were stained with trypan blue (Sigma, USA) dye (0.4% solution) and then viable cells were counted using a hemocytometer.
Laser and LED Bio-stimulation In this study, the cells were cultured into 24 and 96 well plates and then irradiated. 3 experimental groups were studied including (1) control group with no irradiation, (2) laser irradiated group and (3) LED light irradiated group. We used a red Laser (Lasotronic/ 660 nm, 50 mW,) and LED light (660 nm, 35 mW) in continuous manner. The width of the laser beam was 1 cm 2 and the fiber tip was located exactly 1 cm in front of the cell layer. The laser power of 35 mW was used in all experiments. Cells were irradiated as following: single dose from 8 seconds up to 80 seconds, power density of 35 mW/cm 2 and energy density of 1, 5 and 10 J/cm 2 . Cells were then incubated for 24 hours prior to analyses.
Measurement of Cell Viability
Cell viability was determined using the colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), according to the manufacturer's instructions. This method is based on the ability of living cells in converting soluble tetrazolium salt to insoluble formazan. Briefly, 24 hours after treatment of the cells with laser light or LED, 20 μL of MTT reagent (10 mg/ mL; Sigma, USA) was added to 96 cell culture well plates (20 000 cells/ cm 2 ). The final volume was 200 μL. The incubation time was 3 hours at 37°C. Then 200 μL of dimethyl sulfoxide (DMSO) was added, as the solvent reagent. ELISA plate reader (BioTech Company, USA), at 570 nm wavelength was used to quantitate the production of formazan from MTT cleavage. Untreated cells were used as control. The cell viability was calculated according to the following formulae: The percentage of cytotoxicity was calculated according to the following formulae: % Cytotoxicity = [(1−mean absorbance of toxicant treated cells)/ mean absorbance of negative control] * 100 %Viability =100-% cytotoxicity Measurement of the Activity Of Intracellular Reactive Oxygen Species 2, 7 Dichlorodi Hydrofluoresceindiacetate (DCFH-DA) fluorescent probe (sigma, USA) was used to measure the production of ROS within the cell. DCFH-DA is a fluorogenic dye that determines the activity of ROS molecules within the cell. After release into the cell, deacetylation of DCFDA by cellular esterases turns it to a non-fluorescent substance. Afterwards, it is oxidized by reactive oxygen molecules into 2' , 7' -dichlorofluorescein (DCF). DCF is a highly fluorescent substance which can be monitored by fluorescence spectroscopy. To perform the test, the cells were passaged and were then transferred to a 96-well plate (20 000 cells/cm Statistical Analysis Data analysis was done using the SPSS software, version 17. All data were showed as the means ± standard error of the mean (SEM). Analysis of variance (ANOVA), Bonferroni post hoc test and t test were used for comparison of the medium between groups. All experiments were done in triplicate. P < 0.05 was considered as significant.
Results
In this work, MTT test was used to assay the effect of LLL and LED light on cell proliferation and survival ability of the human skin fibroblast cell line. MTT indicates cell death at later stages of apoptosis in which metabolization of tetrazolium salts (MTT) is reduced.
27-29 Figure 1 shows the results of MTT test in Hu02 cell line that irradiated with red laser light (660 nm) after 24 hours against the control group. The number of viable cells significantly (P < 0.05) increased (up to 50%) following exposure to doses of 1 and 5 joules energy densities per cm 2 of LLL ( Figure  1 ). Our data revealed that increasing LLL doses up to 10 J had no significant influence on the viability of the cells. In contrast to LLL, LED light had no significant impact on the proliferation of Hu02 cells (Figure 2 ).
Measurement of Reactive Oxygen Species Activity
Here we hypothesized that LLL or LED light might change ROS levels in Hu02 cells. Therefore, the intracellular ROS level was analyzed by DCFH-DA probe. DCF analysis is a very sensitive, linear, and accurate test for tracing oxidative stress. 30 Figures 3 and 4 show the levels of intracellular ROS, 30 minutes after the bio-stimulation of Hu02 cells with LLL and LED light, respectively. As it is evident in Figure 3 , the level of ROS was significantly increased after the treatment of the cells with LLL light (P < 0.05) in all energy density of laser in a manner that is related to energy density (doses). In contrast to LLL, the levels of DCF fluorescence intensity were increased only by LED light with energy density of 10 J/cm 2 in comparison with the non-irradiated group (Figure 4 ). These observations indicated that LLL and LED irradiation may induce the production of reactive oxygen molecules in a dosedependent mode.
Measurement of Cell Doubling Time
The measurement of cell doubling time is a good criterion for estimation of cell proliferation rate and formation of cell colony. It is the time that cells consumed in the exponential phase to double cell growth/count. 
Discussion and Conclusion
Today, phototherapy with red or infrared (600-1000 nm) coherent light (laser) and non-coherent (LED) light have been introduced as a valuable tool in medicine and the positive effect of phototherapy on growth of different cells is well known. 31, 32 It was demonstrated that laser and LED light have similar improvement impact on cells and tissues. Studies have shown that the healing influences of photomedicine are due to transformation of absorbed energy into ATP. 33, 34 In this study, we compared and evaluated the biological effects of low-power laser light with LED light. The main important difference between low power lasers and LED light is the coherence parameter. Studies have demonstrated that the levels of ROS production by cells can be used as a marker of energy absorption by the intracellular receptors following phototherapy. The levels of reactive oxygen reagents in Hu02 cells were significantly enhanced after treatment with laser or LED light. Our data revealed that increasing energy density up to 10 J/cm 2 at a wavelength of 660 nm is in accordance with an enhancement in generation of ROS. ROS species are very small molecules that have dual nature. They may act as a beneficial signaling molecule at low concentrations and a harmful cytotoxic molecule at high concentrations. They may hurt key vital molecules including DNA, proteins and lipids. There is evidence for participation of ROS molecules in the cell pathways especially cell signaling. Therefore, homeostasis of these molecules in the cells and tissues may have a critical role in signaling pathways. 35 Our data showed that LED light increased ROS levels very gently in comparison to laser light and in a linear manner. This may suggest that there would be more limited impact of LED light compared with laser light. In conclusion, low-power laser light radiation increased the production of ROS in human fibroblast cell line in comparison to LED light and caused more oxidative stress. Also, laser light may be more effective in increasing the viability and proliferation of the cells.
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